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Introduction
The most widely accepted theory of the upper and lower yield points in crystalline materials is that of Johnston and Gilman (1). This theory attributes the yield drop to the multiplication of dislocations associated with accumulated plastic strain. The rate dependence of the yield stress is described in terms of the stress sensitivity to average dislocation velocity. The basic model may be modified to include post-yield hardening effects. The mathematical representation of this model is empirical.
A more fundamental theory describing strain rate effects on bcc metals is that proposed by Dorn and Rajnak (2). Their model is based on the kinetics of dislocation motion associated with the Peierls 1 mechanism. This paper compares the flow behavior predicted by these theories to the actual flow behavior of tantalum, chosen because of its remarkably high sensitivity to strain rate effects. The rheological behavior of high purity tantalum was studied over a rang* of approximately nine decades of strain rate. Both tension and compression tests were conducted. Data showed that tantalum is extremely sensitive to strain rate. Over the regime of strain rates tested, the upper yield stress increases by almost 500%. Postyield behavior is slightly less sensitive. In tension tests, the elongation at fracture decreases by about 60%.
Experimental Technique
Tension and compression tests at strain rates below 10 sec' 
The derivation of the equation and the technique used to solve it have been described fat detail by Hoge and Gillis (7).
The following values of constants were used to evaluate equation ( A dislocation density of 108 cm" 2 was found to give the best representation of experimental data, a* and a a were evaluated from a series of low temperature tests conducted at a con stant strain rate of 10 " 4 sec' 1 . Results of these tests are presented in Fig. 2 , which shows ap = 155,000 psi and c a = 18,000 psi. Figure 3 compares the results of experimental and theoretical data. Although both the Dorn-Rajnak and Johnston-Gilman models provide a reasonable description of the rate effect oil upper yield stress, the Dorn-Rajnak model is felt to give a better representation. At rates above 10 3 sec' 1 , this model based solely on the Peieris' mechanism deviates from experimental data. The discrepancy is attributed to a dis location damping mechanism which tends to reduce the average dislocation velocity (11). When damping is the controlling mechanism, stress is a linear function of strain rate. For tantalum at rates of about 103 sec' 1 , cr* < cr_, so it appears that both damping and T log <A/e> = ^ (l ^J =
Results and Discussion
Equation (7) predicts that tests conducted at various temperatures and rates should have similar stress-strain curves for equal values of P, under the assumption that strain hardening is a function only of a* and op. Figure 4 shows the stress-strain curves obtained at a strain rate of 10~* sec~l at various temperatures. Figure 5 pictures stress-strain curves performed at various rates at room temperature. Since curves with approximately equal P values are quite similar, this approach appears to be valid, closely approximating ductility as measured by fracture strain.
Finally, it should be pointed out that in evaluating the two models some of the constants were evaluated to provide a best fit to data. In the Johnston-Gilman model, D and H were arbitrarily selected. It would be difficult to find legitimate values for these two constants in literature. However, in the Dorn-Rajnak model,only the value of dislocation density was arbitrarily determined. The selected value of 10 8 cm -2 is a value often observed in literature. This value is also very close to the density cal culated from the Johnston-Gilman model at the upper yield, point. In this respect, the Johnston-Gilman dislocation multiplication concept appears valid.
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FIG. 4
Effect of temperature on stress-strain curve. Tests were performed at a rate of 10"* sec -1 . P values are indicated in parentheses.
FIG. 5
Effect of strain rate on stress-strain curve. Tests were performed at room temperature. P values are indicated in parentheses.
